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14 September 1999 (14.09.99) 
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Applicant 
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2. The following designated Office* have waiveomeicMu 
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3. Enc.osed w,th *•. Notice , S a copy of the internat.ona. application aS published by the ,n,.rnationa. Bureau on 
06 April 2000 (06.04.00) under No. WO 00/18680 

REMINDER REGARDING CHAPTER II (Article 31 (2)(a) «nd Rule 54.2) 

II is the applicant s sole re,pon S ibility to monitor the 19-month time l,m,t 

Note that on.y an applicant wno * . nationa. or resident of a PCT Contract^ Statewh.cn ,s bound by Chapter -I has the 
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International application No. 
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declaration that the applicant does not wish to make amendments- 
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Applicant's or agent's file reference 
101528TFM 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/NO99/00280 


International filing date (day/month/year) 
14/09/1999 


Priority date (day/month/year) 
16/09/1998 


International Patent Classification (IPC) or national classification and IPC 
C01B3/32 


Applicant 






DEN NORSKE STATS OLJESELSKAP A.S. et al. 







1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 

I t3 Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial app 
citations and explanations suporting such statement 



II 


□ 


III 




IV 


□ 


V 




VI 


□ 


VII 




VIII 





Date of submission of the demand 
11/04/2000 


Date of completion of this report 

11 coo 


Name and mailing address of the international 
preliminary examining authority: 

^ European Patent Office 
fif) D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer 

Van Iddekinge, R \k ^ jj 

Telephone No. +49 89 2399 8346 



Form PCT/iPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRWWIINARY 
EXAMINATION REPORT 



International application No. PCT/NO99/00280 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 
Description, pages: 

1-15 as published 



Claims, No.: 

1-20 as published 



Drawings, sheets: 

1,2 as published 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/IPEA/409 (Boxes l-Vllt. Sheet 1) (July 1998) 



INTERNATIONAL PRfll 
EXAMINATION REPORT 




INARY 




International application No. PCT/NO99/00280 



□ 



the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
\S claims Nos. 17-20. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 



□ the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

K no international search report has been established for the said claims Nos. 17-20. 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 3,4,6,8-14,16 



because: 



Form PCT/IPEA/409 (Boxes l-Vlll. Sheet 2) (July 1998) 



INTERNATIONAL PREflP 
EXAMINATION REPORT 




INARY 




International application No. PCT/NO99/00280 



No: 



Claims 



1,2,5,7,15 



Inventive step (IS) 



Yes 
No: 



Claims 
Claims 



1-16 



Industrial applicability (IA) Yes 

No: 



Claims 
Claims 



1.16 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIM. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 3) (July 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/NO99/00280 

EXAMINATION REPORT - SEPARATE SHEET 



Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1) . An international search report has been made for claims 1-16. Claims 17-20 have 

not been searched, because of lack of unity. Therefore no substantive 
examination is possible for claims 17-20. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

2) . Reference is made to the following documents: 

D1=US-A-5714132 
D2=US-A-4699772 
D3=EP-A-289419 

Novelty 

3) . D1 discloses a process for producing a C0 2 rich gas and a H 2 rich gas according 

to claim 1 of the application, see D1 : claims 1 -4, 18, 19; figure 3; column 5, lines 
22- 54; column 7, lines 50-column 8, line 18; example II; Table II. 

D1 also discloses the additional features of dependent claims 2, 5, 7, 15. 

Therefore claims 1 and its dependent claims 2, 5, 7, 15 do not fulfil the 
requirements of Article 33(2) PCT (novelty). 

The additional features of dependent claims 3, 4, 6, 8-14, 16 do not appear, in 
combination with the features of any claim to which they refer, to involve an in- 
ventive step. 

Therefore dependent claims 3, 4, 6, 8-14, 16 of the application do not fulfil the 
requirements of Article 33(3) PCT (inventive step). 



Form PCT Separate Sheet/409 (Sheet 1) (EPO-Apnl 1997) 



INTERNATIONAL PBPLlMINARY International application No 

EXAMINATION REPORT - SEPARATE SHEET 



PCT/NO99/00280 



Re Item VII 

Certain defects in the international application 

4) . Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 

disclosed in the document D1 is not mentioned in the description, nor is this 
document identified therein. 

Re Item VIII 

Certain observations on the international application 

5) . The term "carbon part" used in claims 7, 8 is vague and unclear and leaves the 

reader in doubt as to the meaning of the technical feature to which it refers, 
thereby rendering the definition of the subject-matter of said claims unclear (Ar- 
ticle 6 PCT). 

6) . The embodiment of the invention described in claim 1 1 does not fall within the 

scope of claim 1 (a partial oxidation reactor is not a reforming reactor). This 
inconsistency between the claims leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claims unclear (Article 6 PCT). 
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BRYN & AARFLOT AS 
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Sentrum 
N-0104 Oslo 
NORVEGE 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 





Date of mailing n nn 
(day/monthfyear) 1 I E. 00 


Applicant s or agent's tile reference 
101528TFM 


IMPORTANT NOTFICATION 


International application No 
PCT/NO99/00280 


International filing date (day/month/year) 
14/09/1999 


Priority date (day/month/year) 
16/09/1998 


Applicant 

DEN NORSKE STATS OLJESELSKAP A.S. et al. 



1 . The applicant Is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any. established on the international application 



2 A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3 Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices, 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation mus 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address ol the I PEA/ 

European Patent Office 

JD-&0298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax; «-49 89 2399 - 4465 



Authorized officer 
Gregoire, J-P 

Tel +49 89 2399-8041 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agents file reference 
101528TFM 



International application No 
PCT/NO99/00260 



See Notification of Transmittal of International 
FOR FURTHER ACTION Preltminary Examination Report (Form PCT/IP£A/41G) 



International filing dale (day/month/year) 
14/09/1999 



Prlortty dale (day/month/year) 
16/09/1998 



international Paten! Classification (IPC) or national classification and IPC 
C01B3/32 



Applicant 

DEN NORSKE STATS OLJESELSKAP A.S. et al. 



1 . This international preliminary examination report ha* been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis tor this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 ot the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets, 



3. This report contains indications relating to the following items: 
I B Basts of the report 



II 


□ 


111 




IV 


□ 


V 




VI 


□ 


VH 




VIII 


3 



citations and explanations suporting such statement 



Dale of submission of the demand 



11/04/2000 



Name and mailing address of the International 
preliminary examining authority: 

J European Patent Office 
O80298 Munich 
Tel. +49 69 2399 - 0 Tx 523656 eprnu 0 
Fa*: +49 69 2399 • 4465 



Date of completion of this report 



1 i C. 00 



Authorized officer 



Van Iddekinge, R 

Telephone No. *49 89 2399 S3 4 6 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No, PCT/NO99/00280 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally fifed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.17).): 
Description, pages: 

1-15 as published 



Claims, No.: 

1-20 as published 



Drawings, sheets: 

1 ,2 as published 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is; 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 46.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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EXAMINATION REPORT International application Mo. PCT/NO99/00280 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventiv« step and Industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire international application, 

K claims Nos. 17-20. 
because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specify): 

□ the description, claims or drawings (indicate particular elements betort) or said claims Nos. are so unclear 
That no meaningful opinion could be formed {specify): 

□ the claims, or said claims Nos- are so inadequately supported by the description that no meaningful opinion 
could be formed. 

B no international search report has been established for the said claims Nos. 17-20. 

2 A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes; Claims 3,4.6.8-14, 16 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/NO99/00280 



No: 



Claims 1.2,5,7,15 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 1-16 



Industrial applicability (IA) 



Yes: 
No: 



Claims 1.16 
Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted; 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/N 099/00280 
EXAMINATION REPORT - SEPARATE SHEET 

Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1 ) . An international search report has been made for claims 1-16. Claims 1 7-20 have 

not been searched, because of lack of unity, Therefore no substantive 
examination is possible for claims 17-20. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

2) . Reference is made to the following documents: 

D1=US-A-5714132 
D2-US-A-4699772 
D3=EP-A-26941 9 

Novelty 

3) . D1 discloses a process for producing a C0 2 rich gas and a H 2 rich gas according 

to claim 1 of the application, see D1: claims 1-4, 18, 19; figure 3; column 5, lines 
22- 54; column 7, lines 50-column 8, line 18; example II; Table II. 

D1 also discloses the additional features of dependent claims 2, 5, 7, 15. 

Therefore claims 1 and its dependent claims 2, 5, 7, 15 do not fulfil the 
requirements of Article 33(2) PCT (novelty). 

The additional features of dependent claims 3, 4, 6, 8-14, 16 do not appear, in 
combination with the features of any claim to which they refer, to involve an in- 
ventive step. 

Therefore dependent claims 3, 4, 6, 8-14, 16 of the application do not fulfil the 
requirements of Article 33(3) PCT (inventive step). 
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Certain defects in the international application 



4). Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the document Dt is not mentioned in the description, nor is this 
document identified therein. 



Re Item VIII 

Certain observations on the international application 



5) . The term "carbon part" used in claims 7, 8 is vague and unclear and leaves the 

reader in doubt as to the meaning of the technical feature to which it refers, 
thereby rendering the definition of the subject-matter of said claims unclear (Ar- 
ticle 6 PCT). 

6) . The embodiment of the invention described in claim 1 1 does not fall within the 

scope of claim 1 (a partial oxidation reactor is not a reforming reactor). This 
inconsistency between the claims leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claims unclear (Article 6 PCT). 
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0.nr.101528 

Fremgangsmate for a fremstille en H 2 -rik gass og en C0 2 -rik gass ved hoyt trykk. 

Foreliggende oppfinnelse omfatter en fremgangsmate for fremstilling av en C0 2 - 
rik gass til injeksjonsformal eller deponering og en hydrogenrik gass for produk- 
sjon av energi. Videre omhandler oppfinnelsen anvendelse av henholdsvis C0 2 -rik 
og H 2 -rik gass. 

Det er alminnelig antatt at drivhuseffekten og klimaet pa jorden har en naer sam- 
menheng med menneskeskapt C0 2 -utslipp. Dette utslippet dannes forst og fremst 
ved forbrenning av kull og hydrokarboner, bl.a. ved generering av varme og elek- 
trisk kraft. Et onskelig mal er derfor a redusere utslippet av C0 2 til atmosfaeren. 

Det er tidligere kjent a redusere utslippet av C0 2 ved forbrenning av naturgass 
f.eks. ved gassreformerings- og skiftteknologi for fremstilling av en blanding be- 
staende av hydrogen og karbondioksid. Videre separeres disse komponentene, 
hvoretter hydrogen anvendes som brennstoff i en gassturbin og karbondioksid 
deponeres etter komprimering til onsket trykk. Deponeringen kan finne sted pa 
havbunnen eller i geologiske reservoarer. Reservoarene kan ogsa inneholde hyd- 
rokarboner. Ovennevnte teknikk er bl.a. omtalt i Tekniks Ukeblad nr. 16, s. 8, 
1998. 

Kjent teknikk omfattende gassreformerings- og skiftteknologi som beskrevet 
ovenfor er saerdeles kostbar og gir samtidig mindre energiutbytte enn et konven- 
sjonelt, men moderne, gasskraftverk. 

US 3,652,454 beskriver fremstilling av C0 2 og H 2 fra en CO-inneholdende gass- 
strom ved en forbedret kontinuerlig katalytisk skift reaksjon ved hoyt trykk. Reak- 
sjonen finner sted i en eller flere skift-reaktorer ved et superatmosfaerisk trykk pa 
fra 35-250 atm. og en temperatur pa mellom 287°C- 537°C. Patentskriftet beskri- 
ver ikke reformering av naturgass. 
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Fra EP 0 000 993-A1 er det kjent en fremgangsmate for a fremstille ammoniakk 
ved en primasr og en sekundaer katalytisk reformering av en hydrokarbonstrom 
ved superatmosfaerisk trykk. Fra den primaere katalytiske reformeringen er forhol- 
det av damp til karbon fra 2,5-3,5, trykket er fra 30- 120 bar og temperaturen ut 
av reaktoren er fra 750-850°C. Fra den sekundaere katalytiske reformeringen er 
innholdet av metan fra 0,2-10 vekt% pa torr basis og forholdet av hydrogen til 
nitrogen er fra 2,2 - 2,7. Den sekundaere reformeringen tilsettes et overskudd av 
I uft for fremstilling av en gass med et hoyere innhold av metan, dvs. ved en lavere 
temperatur, og/eller et lavere dampforhold og/eller et hoyere trykk . I det oven- 
nevnte EP patentet fjernes C0 2 ved at hydrogen tas ut ved forhoyet trykk for vide- 
re anvendelse ved fremstilling av ammoniakk. 

EP 0 289 419 beskriver katalytisk dampreformering av hydrokarboner for fremstil- 
ling av hydrogen i en ammoniakkprosess. Den katalytiske dampreformeringen fin- 
ner sted ved et trykk fra 25- 120 bar, en temperatur fra 800-1 000°C og ved et 
forhold av damp:karbon pa 1,8-2,5. Prosessen drives slik at det er mindre enn 
0,3% forurensninger i den H 2 -rike gassen som skal benyttes til ammoniakkproduk- 
sjon. Foreliggende oppfinnelse tillater et hoyere innhold enn 0,3% av CO, C0 2 og 
CH 4 i den H 2 -rike gasstrommen. 

CA 868,821 beskriver fremstilling av syntesegass ved dampreformering av hydro- 
karboner i en gass og vaeske ved 50-250 abs. atm., fortrinnsvis 160 abs. atm. 
for produksjon av ammoniakk og metanol. 

Kjent teknikk omtaler ikke et forenklet anlegg slik som omfattet av foreliggende 
oppfinnelse hvor naturgass reformeres ved hoyt trykk i en autoterm reformer et- 
terfulgt av en skift-reaktor, hvoretter det frembringes en C0 2 -rik gass ved et trykk i 
intervallet fra 1 til 100 bar noe som medforer reduserte kompresjonskostnader ved 
deponering og reinjisering. Det forenklede anlegget forer til at en begrenset del 
av karbonet i rastoffet befinner seg i form av metan eller karbonmonoksid nar den 
hydrogenrike gassblandingen fodes som brennstoff til et gasskraftverk. Et resultat 




av det reduserte kravet til produktgassenes renhet medforer at ett eller flere av 
prosesstrinnene kan drives ved et hoyere trykk, lavere temperatur og/eller lavere 
forhold av damp/karbon. 

Foreliggende oppfinnelse tilveiebringer en fremgangsmate for fremstilling av en 
C0 2 -rik gasstrom og en H 2 -rik gasstrom, hvor fremgangsmaten er kjennetegnet 
ved felgende trinn: 

a) naturgass og vann fodes til en reformeringsreaktor og omdannes til 
syntesegass under tilforsel av en 0 2 -holdig gass; 

b) gasstrommen fra a) skiftes, hvor innholdet av CO reduseres og meng- 
den av C0 2 og H 2 0kes ved omsetning av H 2 0; 

c) gasstrommen fra b) separeres i en separasjonsenhet i henholdsvis en 
C0 2 -rik og en H 2 -rik gasstrom. 

Videre er det et formal ved foreliggende oppfinnelse a t skiftprosessen i b) utfo- 
res i ett trinn hvor forholdet av H20:CO i skiftprosessen kan vaere fra 1 til 9, for- 
trinnsvis 1,5 til 4. I foreliggende oppfinnelse ertrykket i den C0 2 -rike gasstrommen 
etter separasjonsenheten fra 1 til 100 bar, fortrinnsvis fra 5 til 50 bar. Karbonandel 
i den H 2 -rike gasstrommen er fra 1 til 20 volum%, fortrinnsvis fra 5 til 15 volum%. 
Oppfinnelsen er kjennetegnet ved at naturgassen i trinn a) tilfores en oksygenrik 
gass eller luft/oksygenanriket luftstrom. Reformeringsreaktoren ifolge oppfinnel- 
sen er fortrinnsvis en partiell oksidasjonsreaktor, sasrlig er en autoterm reformer. 
Gasstrommen fra et forbrenningskammer i en autoterm reformer bringes i kontakt 
med et katalysatorsjikt. Nar reformeringen finner sted i en partiell oksidasjonsre- 
aktor utfores reaksjonen uten katalysator. Videre har gasstrommen ut fra reforme- 
ren en temperatur i intervallet fra 800 til 1200°C. Nar naturgassen i trinn a) tilfores 
luft/oksygenanriket luft folger minst en andel N 2 den C0 2 -rike gasstrommen igjen- 
nom prosessen. Foreliggende oppfinnelse omfatter ogsa anvendelse av en C0 2 - 
rik gasstrom fremstilt ifolge den tidligere omtalte fremgangsmaten for injeksjon i 
marine formasjoner. Videre omfatter oppfinnelsen anvendelse av en H 2 -rik gass- 
strom fremstilt ifolge oppfinnelsen hvor den H 2 -rik gasstrommen kan nyttegjores 
ved hydrogenering, i elektrisitetsproduksjon og som energikilde/drivstoff i brensel- 
celler. 
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Et vesentlig moment ved oppfinnelsen er at den C0 2 -rike strommen foreligger ved 
et forhoyet trykk, slik at kompresjonsarbeidet som er nodvendig for a bringe tryk- 
ket opp til injeksjons- eller deponerings-trykket (50-250 bar) blir sa lite som mulig. 
Dette krever et hoyt trykk gjennom alle enhetene (reformer, skiftenhet og separa- 
torenhet). Eksempelvis kan naturgassen som fodes inn i reformeren ha et trykk 
pa 30 -200 bar. Ved marginale trykkfall i reformeren og skiftenheten, vil trykket inn 
pa separasjonsenheten vaere i samme intervall. 

Foreliggende oppfinnelse gir en rekke fordeler ved fremstilling av en henholdsvis 
H 2 -rik og en C0 2 -rik gass. En av fordelene er at oket trykk gir okt omsetning pr. 
volumenhet i reformer og skift-reaktor, og videre et redusert kompresjonsarbeide 
av C0 2 ved en eventuell reinjisering eller deponering. Dessuten gir okt trykk re- 
dusert kompresjonsarbeide for fode til gassturbin. I reformeren er det hoy primaer- 
dannelse av C0 2 som folge av hoyt trykk. En annen fordel ved foreliggende opp- 
finnelse er en forenklet design og drift av eventuelt en gassturbin for forbrenning 
av den H 2 -rike gasstrommen som folge av et visst slipp av CH 4 i reformer, CO i 
skift-reaktoren og C0 2 i separasjonstrinnet. Anvendelse av luft eller oksygenanri- 
ket luft ved en autoterm reformer (ATR) og partiell oksidasjon (POX) sparer oksy- 
genanlegg og gir forenklet design og drift av ATR og gassturbin. Et visst CO-slipp 
dvs. uomsatt gasskomponent, unodiggjor lav-temperatur-skift og metanisering. I 
foreliggende oppfinnelse kan det vaere pakrevet med tilforsel av damp til skift- 
reaktoren. Et visst C0 2 slipp i foreliggende oppfinnelse forenkler separasjonspro- 
sessen. Foregar separasjonen ved aminvask kan man kanskje klare seg med mo- 
derat trykkavlasting. 

Foreliggende oppfinnelse omfatter en rekke utforelsesformer hvor bl.a. naturgass 
renses og forbehandles pa en hensiktsmessig mate slik at gassfoden i hovedsak 
vil besta av metan etter behandling. Reformeringen foregar ved et trykk i interval- 
let 30 til 200 bar. Det er foretrukket a anvende en skift-reaktor ved utforelse av 
foreliggende oppfinnelse. Vanndamp kan tilfores skift-reaktoren, men den kan og- 
sa drives uten tilforsel av vanndamp. Ved utlopet av skift-reaktoren er det godtag- 
bart med et innhold pa karbonbasis av CO pa opptil 2 volum% , fortinnsvis 5 vo- 




lum%, og av metan pa 2 volum% , fortinnsvis 5 volum%. Videre kan den H 2 -rike 
gasstrommen ifolge oppfinnelsen inneholde minst 1 volum% og opptil maksimalt 
20 volum% av den opprinnelige karbonmengden i naturgassen. Dampreformeren 
kan fyres med den hydrogenrike fyrgassen. Dersom autotermisk reformering be- 
nyttes kan minst en andel av den hydrogenrike strommen benyttes til forvarming 
av fodegassen. Forvarming av fodegassen kan ogsa utfores ved varmeveksling 
med varm gass fra en gassturbin. 

Formalet ved foreliggende oppfinnelse er at et begrenset del av karbon i fode- 
strommen/rastoffet befinner seg i form av metan, karbonmonoksid eller karbondi- 
oksid nar den hydrogenrike gassblandingen fodes som brennstoff til et gasskraft- 
verk. Ved foreliggende oppfinnelse finner reformering av naturgass, skift av kar- 
bonmonoksid til karbondioksid og separasjon av gassblandingen til henholdsvis 
C0 2 -rik og H 2 -rik gass finne sted ved betingelser som ikke er beskrevet i kjent tek- 
nikk. De nevnte betingelsene er likeledes utenfor det som er akseptert og anbefalt 
i den petrokjemiske industrien. 

Ved at fremgangsmaten er kjennetegnet ved et redusert krav til metan og kar- 
bonmonoksid i fodestrommen/rastoffet som fores til bl.a. et gasskraftverk, vil dette 
medfore at ett eller flere av prosesstrinnene kan forega ved hoyere trykk enn 
normalt ved reformering av naturgass ved autoterm reformering (ATR), kombinert 
reformering (CR) eller partiell oksidasjon (POX). Ved at reformer og skift kan fore- 
ga ved et hoyere trykk oppnas en reduksjon i kapital kostnadene og av kompre- 
sjonsenergien av C0 2 for deponering. Det er ogsa mulig a skille ut og komprimere 
C0 2 i flytende form, noe som kan gi en ytterligere besparelse. Ved foreliggende 
oppfinnelse kan reformerings- og skift-reaksjonene drives ved lavere temperatu- 
rer enn det som ellers ville vaert nodvendig/pakrevet ved et gitt trykk. Lavere tem- 
peraturer ved et gitt trykk medforer ogsa besparelser. Videre kan det vaere unod- 
vendig med bade lavtemperatur skift og metanisering av rest karbonmonoksid, 
noe som er standard teknologi i dag ved produksjon av hydrogen for syntese av 
ammoniakk. En fremgangsmate for a separere C0 2 kan finne sted ved en amin- 
vaskeprosess, noe som kan fortas i folge foreliggende oppfinnelse ved en forenk- 
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let fremgangsmate ved at det benyttes trykkavlastning i stedet for vanndamp- 
stripping. 

Folgende kjemiske reaksjoner firmer sted ved fremstilling av syntesegass og hyd- 
rogen ved reformering av naturgass: 



CH 4 + 


H 2 0 = 


CO + 


3 H 2 


1 . Damp reformering 


CH 4 + 


y 2 o 2 = 


CO + 


2 H 2 


2. Partiell oksidasjon 


CO + 


H 2 0 = 


co 2 + 


H 2 


3. Skift reaksjon 



Reaksjonvarmen til den sterkt endoterme dampreformeringen kan tilveiebringes 
enten ved ekstern fyring, som i en dampreformer, eller ved kombinasjon med den 
partielle oksidasjonen i en autoterm reformer. 

I en dampreformer(SR) blir naturgass (metan) konvertert i en rorreaktor ved hoy 
temperatur og relativt lavt trykk. En damp reformer bestar av et stort antall reaktor 
ror, 200 - 250 ror med relativ lengde pa 12-13 meter, indre diameter pa omtrent 
10 cm og ytre diameter pa omtrent 12 cm. Dette er en plasskrevende enhet med 
en lengde pa 30 - 50 meter, bredde pa 10-12 meter og en hoyde pa 15-20 me- 
ter. Konvensjonelle dampreformere drives i trykkomradet fra 15 til 30 bar. Utlop- 
stemperaturen pa gassen fra en konvensjonell dampreformer ligger i temperatur- 
omradet 950°C. Energien som benyttes til a drive de endoterme reaksjonene tilfo- 
res ved ekstern fyring/oppvarming (topp-, side-, bunn- eller terrassefyrt). Forholdet 
mellom damp og karbon er fra 2,5-3,5, og forholdet mellom hydrogen og karbon- 
monoksid i produktstrommen er fra 2,7-3,0. En typisk syntesegass produsert fra 
en dampreformer inneholdet omkring 3 volum% metan. 

I foreliggende oppfinnelse kan reformeringen av naturgass (ligning 1 og 2 oven- 
for) finne sted i en autoterm reformer (ATR). I en ATR fodes naturgass (metan) 
sammen med oksygen/luft inn i et forbrenningskammer. Energien som kreves til a 
drive de endoterme dampreformeringsreaksjonene tilveiebringes ved de eksoter- 
me reaksjonene mellom hydrokarboner/hydrogen og oksygen/luft. Temperaturen i 
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forbrenningskammeret kan komme opp i over 2000°C. Etter forbrenningskamme- 
ret drives reaksjonene til likevekt over en katalysatorsjikt for syntesegassen forla- 
ter reaktoren ved rundt 1000°C. Storrelsen pa en slik enhet vil kunne vaere 10-15 
meter hoy og med en diameter pa 5-6 meter. Typisk forhold av damp:karbon er fra 
0,6-1,4. Forholdet mellom hydrogen karbonmonoksid er lavere enn 2. Typisk me- 
tanslipp er 1-2volum% i produktstrommen. ATR'en kan drives ved hoyere trykk 
enn SR'en. 

Foreliggende oppfinnelse kan ogsa finne sted i en partiell oksidasjonsreaktor 
(POX) som ogsa er en autoterm reformer foruten at enheten ikke omfatter en ka- 
talysatorsjikt. Denne enheten er ofte noe storre, dersom samme kapasitet sam- 
menlignet med en ATR skal opprettholdes. Arsaken til en noe storre reformer er at 
ATR'en har katalysator som paskynder de endoterme reaksjonene. Utlopstempe- 
raturen for en POX er ogsa noe hoyere enn for en typisk ATR. 

Reformering av naturgass kan ogsa forega ved kombinert reformering (CR) som 
er en kombinasjon av en dampreformering(SR) og en autoterm reformering(ATR). 
En kombinasjon av SR og ATR gjor det mulig a justere sammensetning ut av re- 
formerenheten ved a regulere padragene pa de to reformerene. SR blir i CR dre- 
vet ved «mildere» betingelser, dvs. lavere utlopstemperatur, noe som forertil et 
hoyt metanslipp. Resten av metanet omsettes i ATR'n. Forholdet av damp:karbon 
ligger i omradet 1.8-2.4, med et forhold mellom hydrogen og karbonmonoksid i 
produktgassen pa over 2. 

Etter reformering av naturgassen skiftes gassblandingen ifolge foreliggende opp- 
finnelse. Gassblandingen fra reformeringsreaktoren inneholder i hovedsak folgen- 
de gasskomponenter CO, H 2 , H 2 0, C0 2 og noe CH 4 . Mellom disse fire kompo- 
nentene er det en likevektsrelasjon gitt ved den stokiometriske ligningen: 



CO + H 2 0 = C0 2 + H 2 
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Denne reaksjonen betegnes vannskift-reaksjonen, og ved a drive en skift-reaktor 
ved bestemte betingelser kan likevekten drives mot hoyre og man far en gass- 
blanding som er rik pa hydrogen og karbondioksid, og hvor konsentrasjon av kar- 
bonmonoksid er lav. Tilstrekkelig hastighet pa reaksjonen tilveiebringes ved an- 
vendelse av egnede katalysatorer, og i prosesser der man onsker hoy omsetning 
av CO (for eks. ammoniakk syntese) benyttes to fixed bed reaktorer i serie, hen- 
holdsvis hoytemperatur skift reaktor og lav temperatur skift reaktor. To trinn vel- 
ges fordi likevekten er begunstiget av lav temperatur, mens reaksjonshastigheten 
er begunstiget av hoy temperatur. Ved a velge to reaktorer i serie som arbeider 
ved ulike temperaturer oppnar man totalt mindre reaktorvolum. Prosessen er til- 
naermet trykkuavhengig og det anvendes normalt samme trykk som i reformeren. 
Typisk temperatur ut av forste reaktor er 420 °C og ut av andre reaktor 230°C. 
Katalysator i forste trinn er vanligvis krom/jern-basert, mens katalysatoren i det 
andre trinnet er vanligvis en kopper/sink katalysator. 

I skiftenheten omsettes CO og H 2 0 til C0 2 og H 2 , og i kjent teknikk er det ofte et 
krav at nevnte reaksjon i storst mulig grad drives med hoyre slik at det er minst 
mulig CO i gassblandingen ut av skiftenheten. Et lavt CO-innhold i nevnte gass- 
blanding gir igjen en hoy renhet av den H 2 -rike gasstrommen ut av separasjons- 
enheten. I kjent teknikk er vanligvis forholdet mellom H 2 0:CO lik 10:1 noe som 
tilsier et hoyt forbruk av H 2 0 for deretter a oppna en hoy renhet av den H 2 -rike 
gassen. I foreliggende oppfinnelse er det derimot godtagbart med storre forurens- 
ninger i den H 2 -rike gassen noe som medforer et lavere forbruk av H 2 0 og igjen 
en enklere skiftprosess. Dette er faktorer som totalt sett gir kostnadsbesparelser 
ved fremstilling av en C0 2 -rik og H 2 -rik gasstrom. I foreliggende oppfinnelse er det 
godtagbart med et forhold av H 2 0:CO pa fra 1-9, fortrinnsvis fra 1,5-4. 



Dersom kravet til omsetning av C0 2 er moderat, hvilket vil vaere tilfelle dersom 
gassblandingen skal brennes til energiformal, kan man gjennomfore skift- 
reaksjonen i et trinn. Man kan da velge en enkel hoytrykks skift-reaktor. 
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Gasser i blanding kan separeres mer eller mindre fullstendig basert pa de ulike 
egenskapene til gassmolekylene. De mest vanlige prinsipper er absorpsjon, ads- 
orpsjon, semipermeable membraner og kryogen destillasjon. 

C0 2 er en sur gass, og den mest brukte fremgangsmaten for a separere nevnte 
gass fra andre ikke-sure gassmolekyler er absorpsjon. Ved absorpsjon utnyttes de 
ulike kjemiske egenskapene til gassmolekylene. Ved a bringe gassblandingen i 
kontakt med en basisk vaeske vil de sure gassene i stor utstrekning loses i vaes- 
ken . Vaesken skilles fra gassen og den absorberte gassen kan sa frigjores enten 
ved a endre vaeskens sammensetning eller endre trykk og temperatur. For sepa- 
rasjon av C0 2 er det i hovedsak vandige losninger av alkoholaminer som benyt- 
tes. Absorpsjonen skjer ved relativt lav temperatur og hoyt trykk, mens stripping 
av gassen fra vassken skjer ved relativt hoy temperatur og lavt trykk. Ved frigjoring 
av C0 2 fra amin fasen i strippeenheten anvendes vanligvis strippedamp. Dersom 
partialtrykket av C0 2 i gassen inn pa absorbsjonsenheten er hoyt f.eks. hoyere 
enn 15 bar er det mulig a oppna hoye konsentrasjoner i aminfasen, og en stor del 
av absorbert C0 2 kan frigjores i strippekolonnen ved forhoyet trykk f.eks. 5-8 bar. 

Ved bruk av en eller flere semipermeable membranenheter kan man oppna at 
molekyler med ulik molvekt og ulike kjemiske egenskaper permeerer membranen 
med ulik hastighet. Dette prinsippet kan benyttes for a separere gasser. For den 
aktuelle gassblandingen kan man velge membraner der H 2 permeerer raskt mens 
C0 2 permeerer langsomt, hvoretter man oppnar en delvis separasjon av de ulike 
gasskomponentene. Ved a kombinere fast-stoff membraner og vaeskemembraner 
er det ogsa mulig a oppna at C0 2 permeerer raskt mens H 2 holdes tilbake. Ved 
ulike separasjonsmetoder kan det vasre vanskelig a oppna fullstendig separasjon 
av de ulike gasskomponentene. Dette er spesielt tilfelle ved bruk av membraner. 
For gassblandinger som skal brennes vil en delvis separasjon av hydrogen og 
C0 2 vaere tilstrekkelig. 

I et gasskraftverk forbrennes normalt naturgass der hovedkomponenten er metan 
og luft i et brennkammer ved forhoyet trykk. Forbrenningsgassene driver turbinene 
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som skaffer nodvendig akselmoment til kompressordelen (som komprimerer luft til 
brennkammertrykk) og til drift av generator eller annet mekanisk utstyr. Innblan- 
ding av naturgass skjer i brennere og design/utforming av disse er viktig for a fa 
riktig flammetemperatur og for a hindre dannelsen av uonskede forbrenningspro- 
dukter. Dersom en hydrogenrik gass benyttes i stedet for naturgass vil man endre 
flere forhold som er viktig for utforming av brennere, brennkammer og turbin. De 
viktigste er forbrenningsenergi, flammeforplantningshastighet, eksplosjonsomradet 
og selvantennelsestemperatur. Dette er forhold som gjor at man ikke uten videre 
kan benytte en hydrogenrik gass i en gassturbin som er bygget til forbrenning av 
metan. Erfaringene med forbrenning av hydrogenrike gasser er begrenset, og tek- 
nologien er tilgjengelig i begrenset grad. 

Ved foreliggende oppfinnelse er det onskelig a deponere fraseparert C0 2 -rik gass. 
Store mengder C0 2 -rik gass kan deponeres etter flere metoder der de tre mest 
aktuelle er deponering pa store havdyp, deponering i dype vannreservoarer og 
deponering i oljereservoarer der gassen samtidig fungerer som drivmiddel for okt 
oljeutvinning. De to siste lagringsformer drives kommersielt. I disse lagringsformer 
ma C0 2 gassen bringes opp til hoyt trykk for transport i rorledninger frem til depo- 
neringsbronn og videre til injisering. Injeksjonstrykket vil variere, men vil kunne 
ligge i omradet 50 til 300 bar. Dersom den C0 2 -rike gassen kan separeres fra 
forhoyet trykk, kan betydelig kompresjonsarbeid spares noe som ertilfelle i fore- 
liggende oppfinnelse. 

De vedlagte figurer viser kjent teknikk og ulike utforminger ved foreliggende opp- 
finnelse. 

Figur 1 viser kjent teknikk i form av dampreformering med hydrogenfyring. 
Figur 2 viser POX eller ATR med oksygen hvor naturgass (1) forbehandles for 
denne (2) fores inn pa en ATR eller en POX hvor vann (3) og oksygengass (4) 
tilsettes. Den reformerte gassblandingen (5) fores deretter videre til en skiftreak- 
tor/skiftenhet hvoretter gassblandingen (6) fores til en separasjonsenhet hvor det 
fremskaffes en H 2 -rik gass (10) og en C0 2 -rik gass (7). Strom (7) kan eventuelt 
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komprimeres ytterligere for deponering/reinjisering. Strom (10) kan nyttiggjores i 
bl.a. et hydrogenkraftverk. 

Figur 3 viser POX eller ATR med luft Dette er i prinsippet samme prosess som 
beskrevet i fig. 2, men her benyttes luft som oksidant i reformeren i stedet for ok- 
sygen. Dette gir noe mildere betingelser enn de man har ved bruk av oksygen i 
brenner. Ved bruk av luft far man relativt store mengder nitrogen i systemet og 
partialtrykket av C0 2 vil bli vesentlig lavere. Dette vil igjen gjore det vanskeligere a 
ta ut C0 2 ved forhoyet trykk i separasjonsprosessen. Forholdet mellom H 2 og N 2 vil 
vaere ca. 1:1. 

Eksempel 1: 

ATR reaktoren kan drives under ulike driftsbetingelser. I tabellene nedenfor er 
sammensetningen av gassen ved utlopet av reaktoren vist for ulike trykk, tempe- 
raturer og damp/karbon-forhold. I alle beregningene er forholdet oksygen/karbon 
satt til 0,6. Inngaende gass har sammensetning C0 2 =2,5; CH 4 =82; C 2 =9; C 3 =5; 
C 3+ =1,5. 



Tabell 1 viser sammensetning i mol% i torr gass ved et trykk pa 80 bar. 



Damp/ 
karbon 


S/C=0,5 


S/C=1,8 


S/C=2,8 


Temp. 
°C 


800 


1000 


1200 


800 


1000 


1200 


800 


1000 


1200 


H 2 


40,9 


59 


65 


52,9 


65,6 


66,8 


58,8 


67,9 


69,2 


CO 


13,4 


25,9 


36,3 


10,7 


20,8 


27,1 


9,4 


17,7 


23,2 


co 2 


17,4 


7,3 


3,8 


19 


10,9 


6,1 


19,7 


13,1 


7,6 




28,2 


7,8 


1,0 


17,5 


2,7 


0 


12,1 


1,3 


0 




Tabell 2 viser sammensetning i mol% i torr gass ved et trykk pa 120 bar. 



Damp/ 
karbon 


S/C=0,5 


S/C=1,8 


S/C=2,8 


Temp. 
°C 


800 


1000 


1200 


800 


1000 


1200 


800 


1000 


1200 


H 2 


36,6 


55,7 


64 


48,8 


63,8 


67,0 


56 




69,2 


CO 


11,7 




30 


9,4 


19,9 


24,6 


7,8 


19,4 


23 


co 2 


19,4 


6,4 


4 


20,1 


11,6 


8,0 




9,6 


7,8 


c, 


32,8 


11,2 


1,9 


21,6 


4,7 


0,4 


18,4 


0 


0 



Eksempel 2: 



Eksempel 2 omfatter en ett- trinns skift-reaktor. Gassblandingen inn pa skift- 
reaktoren kan ha varierende sammensetning slik det fremgar av tabellene 1 og 2. 
Dersom gassammensetningen i tabell 1 ved 1000°C og S/C pa 1,8 benyttes vil 
dette tilsvare et damp/CO forhold ut av ATR-reaktoren pa ca. 3,0. Tabell 3 ned- 
enfor viser en mulig sammensetning av fodegass og utgaende gass fra en ett- 
trinns skift-reaktor som har en utlopstemperatur pa 400°C. 



Tabell 3 viser gassammensetning fra en ett-trinns skift-reaktor gitt i mol pr. 100 
mol torr gass. 



Komponent 


Fodegass 


Utgaende gass 


H 2 


65,6 


70,8 


CO 


20,8 


2,4 


co 2 


10,9 


24,5 




C1 


2,7 


2,3 


H 2 0 


62,4 


37,3 



Eksempel 3: 

Eksempelet omfatter en to- trinns skift-reaktor. Dersom to-trinns skift-reaktor be- 
nyttes vil man oppna hoyere omsetning av CO. Tabell 4 viser en mulig gassam- 
mensetning for en to-trinns prosess der utlopstemperaturen i forste reaktor er 
400° C og i andre reaktor er 250 C. Inngaende gass har samme sammensetning 
som i eksempel 2. 



Tabell 4: Mulig gassammensetning for en to-trinns prosess gitt i mol pr. 100 mol 
torr gass. 



Komponent 


Fodegass 


Utgaende gass 


H 2 


65,6 


71,5 


CO 


20,8 


0,3 


co 2 


10,9 


26,0 




2,7 


2,2 


H 2 0 


62,4 


35 



Eksempel 4: 



Separasjon av C0 2 ved absorpsjon i etanolaminlosning (aminvask) er beskrevet i 
dette eksempelet. Gassblandingen ut fra skift reaktoren inneholder betydelige 
mengder vanndamp. Etter avkjoling til f.eks. 40°C vil det meste av vanndampen 
Kondenseres ut, og nedenfor er to typer mulige gassblandinger fra reformerings- 
prosessen vist: 
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Tabell 5. Mulige gassammensetninger fra reformerprosessen . 



Komponent 


Gass 1 


Gass 2 


CH 4 


3 mol% 


3 mol% 


CO 


2 mol% 


2 mol% 


co 2 


17,7 mol% 


29 mol% 


H 2 


62,3 mol% 


66 mol% 


Totaltrykk 


40 bar 


80 bar 



Disse gassblandingene kan fodes til en absorpsjonskolonne der en vandig meta- 
nolaminlosning brukes som absorpsjonsvasske. Aminlosningen vil absorbere ho- 
veddelen av C0 2 og gassen ut fra absorpsjonskolonnen vil besta hovedsakelig av 
hydrogen. Den C0 2 rike aminlosningen fodes til en strippe-enhet der trykket er 
f.eks. 8 bar og temperaturen er f.eks. 120°C. En andel av C0 2 -gassen vil frigjores 
pa grunn av temperaturokningen og trykkreduksjonen. Ytterligere C0 2 kan frigjo- 
res fra aminlosningen ved stripping med vanndamp. 

Tabell 6 nedenfor viser en mulig sammensetning av gassfase ut fra absorp- 
sjonskolonnen og ut fra strippe enheten nar gass av type 2 i tabell 5 benyttes som 
fode og det kun benyttes trykkreduksjon og temperatunakning og ingen strippe- 
damp. 

Tabell 6 viser sammensetning av gass fra absobsjonsenhet og strippenhet uten 
bruk av strippedamp. 
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Komponent 


Ut fra abs. kolonne 


Ut fra strippekolonne 


CH 4 


4 mol% 




CO 


3 mol% 




H 2 0 




30 mol% 


co 2 


3 mol% 


70 mol% 


H 2 


90 mol% 




Totaltrykk 


80 bar 


8 bar 


Temperatur 


50°C 


120°C 



Eksempel 5: 



Eksempel 5 vedrorer separasjon ved kondensasjon. Ved nedkjoling av en C0 2 rik 
gass vil C0 2 kunne kondenseres ut som vaeske eller felles ut som fast stoff (C0 2 
is) . Ved en temperatur pa -57 °C naes frysepunktet for C02 og damptrykket av 
C02 er da 5,1 bar. Kjoles C02 gass ytterligere faes fast C0 2 og ved -78° C er 
damptrykket over fast C0 2 1 bar. 

Gass av type 2 i tabell 5 torkes helt fri for vann for den behandles i en konden- 
satorenhet bestaende av Here kjoletrinn, der temperaturen pa gassen i forste kj0- 
letrinn reduseres til ca. -55° C. Ved denne temperaturen vil en stor del av C0 2 
kondensere ut og gassammensetningen ut fra kondensatoren kan vasre som vist i 
kolonne 2 i tabellen nedenfor: 
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Tabell 7 viser sammensetning av gassfaser i to-trinns kjoleprosess. 



r\Ul T IJJUl tcl 1 L 

Odi 1 II 1 ici locu in ly d v yaoo 


Sammensetning av gass 




Fra kjoletrinn 1 


Fra kjoletrinn 2 


CH 4 


3,5 mol% 


3,8 mol% 


CO 


2,3 mol% 


2,5 mol% 


N 2 


0,2 mol% 


0,2 mol% 


co 2 


7,5 mol% 


1,0 mol% 


H 2 


86,7 mol% 


92,5 mol% 


Totaltrykk 


80 bar 


80 bar 



I dette talleksempelet vil ca. 70% av C0 2 i inngaende gass bli kondensert ut i 
5 kjoletrinn 1. Ved ytterligere senking av temperaturen i en ny prosessenhet (kjole- 
trinn 2) til f.eks.- 80° C vil gassammensetningen ut kunne bli som vist i kolonne 
tre i tabell 7 ovenfor. Ved hjelp av de to kjoletrinnene kan 96% av C0 2 i inngaen- 
de gass fjernes. Den utkondenserte vaeske og det utfelte faste stoff vil vasre til- 
nagrmet rent C0 2 . 

10 

Eksempel 6: 



Dette eksempelet beskriver kompresjon av C0 2 . Gassfasen fra strippe-enheten i 
eksempel 4 inneholder vanndamp og C0 2 . Ved kjoling av denne gassen til f.eks. 
15 40 °C vil det meste av vanndampen kondenseres ut og den tilnaermet rene gas- 
sen ved et trykk pa 8 bar kan komprimeres til onsket leveringstrykk for transport 
av C0 2 i rorledning. 



Eksempel 7: 

Eksempelet vedrorer ved en eller flere membranenheter hvor den C0 2 -rike gas- 
sen kan ha et trykk omtrent lik partialtrykket av C0 2 inn pa separasjonsenheten 
noe som er vist i tabell 1 nedenfor. 
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Det totale innlopstrykket pa se- 
parasjonsenheten (bar) 


Partialtrykket av C02 ut fra separa- 
sjonsenheten (bar) 


200 


40 


250 


50 


300 


60 



18 * 
Patentkrav 



1. Fremgangsmate for fremstilling av en C0 2 -rik gasstrom og en H 2 -rik gasstrom, 
karakterisert ved at fremgangsmaten omfatter folgende trinn: 

a) naturgass og vann fodes til en reformeringsreaktor og omdannes til 
syntesegass under tilforsel av en 0 2 -holdig gass; 

b) gasstrommen fra a) skiftes, hvor innholdet av CO reduseres og meng- 
den av C0 2 og H 2 0kes ved omsetning av H 2 0; 

c) gasstrommen fra b) separeres i en separasjonsenhet i henholdsvis en 
C0 2 -rik og en H 2 -rik gasstrom. 

2. Fremgangsmate ifolge krav 1, karakterisert ved at skiftprosessen i 
b) utfores i ett trinn. 

3. Fremgangsmate ifolge kravene 1-2, karakterisert ved at forholdet 
av H20:CO i skiftprosessen er fra 1 til 9. 

4. Fremgangsmate ifolge kravene 1-3, karakterisert ved at forholdet 
av H20:CO i skiftprosessen fortrinnsvis er fra 1 ,5 til 4. 

5. Fremgangsmate ifolge kravene 1-4, karakterisert ved at trykket i 
den C0 2 -rike gasstrommen etter separasjonsenheten er fra 1 til 100 bar. 

6. Fremgangsmate ifolge kravene 1-5, karakterisert ved at trykket i 
den C0 2 -rike gasstrommen etter separasjonsenheten er fra 5 til 50 bar. 

7. Fremgangsmate ifolge kravene 1-6, karakterisert ved at karbonan- 
del i den H 2 -rike gasstrom er fra 1 til 20 volum%. 

8. Fremgangsmate ifolge kravene 1-7, karakterisert ved at karbonan- 
del i den H 2 -rike gasstrom er fra 5 til 15 volum%. 
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9. Fremgangsmate ifolge kravene 1-8, karakterisert ved at ved at 
naturgassen i trinn a) tilfores en oksygenrik gass. 

10. Fremgangsmate ifolge kravene 1-8, karakterisert ved at ved at 
naturgassen i trinn a) tilfores luft/oksygenanriket luft. 

1 1 . Fremgangsmate ifolge kravene 1-8, karakterisert ved at reforme- 
ringsreaktoren fortrinnsvis er en partiell oksidasjonsreaktor. 

12. Fremgangsmate ifolge kravene 1-11, karakterisert ved at reforme- 
ringsreaktoren saerlig er en autoterm reformer. 

13. Fremgangsmate ifolge krav 12, k a ra kte r i s e rt ved at gasstrommen 
fra et forbrenningskammer i en autoterm reformer bringes i kontakt med et ka- 
talysatorsjikt. 

14. Fremgangsmate ifolge krav 11, karakterisert ved at reformeringen 
utfores uten katalysator. 

15. Fremgangsmate ifolge kravene 1-14, karakterisert ved at gass- 
strommen ut fra reformeren har en temperatur i intervallet fra 800 til 1200°C. 

16. Fremgangsmate ifolge krav 10, karakterisert ved at minst en andel 
N 2 folger den C0 2 -rike gasstrommen. 

17. Anvendelse av C0 2 -rik gasstrom fremstilt ifolge krav 1 for injeksjon i marine 
formasjoner. 

18. Anvendelse av H 2 -rik gasstrom fremstilt ifolge krav 1 for hydrogenering. 

19. Anvendelse av H 2 -rik gasstrom fremstilt ifolge krav 1 som energikilde/drivstoff 
i brenselceller. 




20. Anvendelse av H 2 -rik gasstrom fremstilt ifolge krav 1 for elektrisitetsproduk- 
sjon 
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Sammendrag 



Foreliggende oppfinnelse omfatter en fremgangsmate for fremstilling av en C0 2 - 
rik gasstrom og en H 2 -rik gasstrom, hvor fremgangsmaten omfatter folgende trinn: 

a) naturgass og vann fodes til en reformeringsreaktor og omdannes til 
syntesegass under tilforsel av en 0 2 -holdig gass; 

b) gasstrommen fra a) skiftes, hvor innholdet av CO reduseres og meng- 
den av C0 2 og H 2 0kes ved omsetning av H 2 0; 

c) gasstrommen fra b) separeres i en separasjonsenhet i henholdsvis en 
C0 2 -rik og en H 2 -rik gasstrom. 

Oppfinnelsen vedrorer ogsa anvendelse av C0 2 -rik gasstrom for injeksjon i marine 
formasjoner samt anvendelse av H 2 -rik gasstrom for hydrogenering, som energi- 
kilde/drivstoff i brenselceller eller for elektrisitetsproduksjon. 
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shows known technique in the form of steam reforming with hydrogen firing 



(57) Abstract 

The present invention comprises a method for production of a C02~rich gas stream and a H2-rich gas stream, the method comprising 
the following steps: a) natural gas and water are fed to a reforming reactor and are converted to synthesis gas under supply of a 02-containing 
gas; b) the gas stream from a) is shifted, whereby the content of CO is reduced and the amounts of CO2 and H2 are increased by reaction 
of H2O; c) the gas stream from b) is separated in a separation unit into a C02-rich and a H2-rich gas stream, respectively. The invention 
also concerns the use of a C02-rich gas stream for injection into marine formations, and the use of a H2-rich gas stream for hydrogenation, 
as a source of energy/fuel in fuel cells or for production of electricity. 
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WO 00/18680 PCT/NO99/00280 
Method for preparing a H 2 -rich gas and a C0 2 -rich gas at high pressure. 



The present invention comprises a method for production of a CO, -rich gas tor 
injection purposes or to be deposited, and a hydrogen-rich gas, as well as use thereof. 

It is commonly assumed that the greenhouse effect and the climate on earth are 
closely connected to human made emissions of C(X. These emissions are primarily 
formed by combustion of coal and hydrocarbons, i.a. by generation of heat and electric 
power. A desireable goal is therefore to reduce the emission of CO, to the atmosphere. 

It is known art to reduce the emission of CO, from combustion of natural gas, e.g. 
by gas reforming and shift technology for preparation of a mixture consisting of hydrogen 
and carbon dioxide. These components arc then separated, whereafter hydrogen is used as 
fuel in a gas turbine and carbon dioxide is deposited after compression to desired pres- 
sure. The deposition can be made on the bottom of the sea or in geological reservoires. 
The reservoires can also contain hydrocarbons. The above mentioned technique is i.a. 
described in Teknisk Ukeblad No. 16, page 8, 1998. 

Known art comprising gas reforming and shift technology as described above is 
very expensive while providing less energy yield than a conventional, modern gas power 
plant. 

US 3,652,454 describes preparation of CO, and H 2 from a gas stream containing 
CO by an improved continuous catalytical shift reaction at high pressure. The reaction 
takes place i one or more shift reactors at a superatmospheric pressure of from 35 to 250 
atmospheres, and a temperature between 287°C and 537°C. The patent does not describe 
reforming of natural gas. 

From EP 0 000 993-A1 it is known a method for preparation of ammonia by 
means of a primary and a secondary catalytic reforming of an hydrocarbon stream at su- 
peratmospheric pressure. From the primary catalytic reforming the ratio of steam to car- 
bon is from 2.5 to 3.5, the pressure is from 30 to 120 bar and the temperature out of the 
reactor is from 750 to 850°C. From the secondary catalytic reforming the content of 
methane is from 0.2 to 10 % by weight on a dry basis and the ratio of hydrogen to nitro- 
gen is from 2.2 to 2.7. To the he secondary reforming there is added an excess of air for 
preparing a gas with a higher content of methane, i.e. at a lower temperature, and/or a 
lower steam ratio and/or a higher pressure . In the above mentioned EP patent CO, is re- 
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moved at a low pressure by taking out hydrogen at an elevated pressure for further use by 
the preparation of ammonia. 

EP 0 289 419 describes catalytic steam reforming of hydrocarbons for preparing 
hydrogen i an ammonia process. The catalytic steam reforming takes place at a pressure 
from 25 to 120 bar, a temperature from 800 to 1000°C and at at ratio steamxarbon of 1 .8- 
2.5. The process is operated in such a way that there are less than 0.3% impurities in the 
H,-rich gas which is to be used for production of ammonia. The present invention allows 
a higher content than 0.3% of CO, CO, and CH 4 in the H 2 -rich gas stream. 

CA 868,821 describes the preparation of synthesis gas by steam reforming of hy- 
drocarbons in a gas and a liquid at 50-250 absolute atmospheres, preferably 160 abs. atm. 
for production of ammonia and methanol. 

Known art does not deal with a simplified plant as comprised by the present in- 
vention, where natural gas is reformed at high pressure in an autothermal reformer fol- 
lowd by a shift reactor, whereafter a C0 2 -rich gas is provided at a pressure in the interval 
from 1 to 100 bar, which leads to reduced compression costs by deposition and reinjec- 
tion. The simplified plant results in that a limited part of the carbon in the raw material is 
in the form of methane or carbon monoxide when the hydrogen-rich gas mixture is fed as 
a fuel to a gas power plant. A result of the reduced demand to the purity of the product gas 
involves that one or more of the process steps can be operated at a higher pressure, a 
lower temperature and/or a lower ratio steam/carbon. 

The present invention comprises a method for production of a C0 2 -rich gas stream 
and a H,-rich gas stream, whereby the method is characterized by the following steps: 

a) natural gas and water are fed to a reforming reactor and are converted to synthesis 
gas under supply of a O r containing gas; 

b) the gas stream from a) is shifted, whereby the content of CO is reduced and the 
amounts of C0 2 and H 2 are increased by reaction of H 2 0; 

c) the gas stream from b) is separated in a separation unit into a C0 2 -rich and a H 2 - 
rich gas-stream, respectively. 

It is a further object of the present invention that the shift process in b) is carried 
out in one step where the ratio H 2 0:CO in the shift process can be from 1 to 9. preferably 
1 .5 to 4. In the present invention the pressure i the CO : -rich gas stream after the separati- 
on unit is from 1 to 100 bar, preferably from 5 to 50 bar. The carbon part in the H 2 -rich 
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3 



gas stream is from 1 to 20 % by volume, preferably from 5 to 15 % by volum. The inven- 
tion is characterized in that to the natural gas in step a) it is added an oxygen rich gas or 
air/oxygen enriched air stream. The reforming reactor according to the invention is prefe- 
rably a partial oxidation reaktor, especially an autothermal reformer. The gas stream from 
a combustion chamber in an autothermal reformer is brought in contact with a catalyst 
bed. When the reforming takes place in en partial oxidation reaktor, the reaction is carried 
out without a catalyst. Further, the gas stream out of the reformer has a temperature within 
the interval from 800 to 1200°C. When the natural gas i step a) is supplied with 
air/oxygen enriched air at least a part of N 2 follows the C0 2 -rich gas stream through the 
process. The present invention also concerns the use of the C0 2 -rich gas stream prepared 
according to the previously mentioned method, where the CO r rich gas stream is injected 
into marine formations. Further, the invention comprises the use of the H 2 -rich gas stream 
prepared according to the invention, where the H 2 -rich gas stream can be utilized for hy- 
drogenation, in the production of electricity and as a source of energy / fuel in fuel cells. 

An important feature of the invention is that the C0 2 -rich stream is present at an 
elevated pressure, which means that the compression work which is necessary to bring the 
pressure up to the injection pressure or deposition pressure (50-250 bar) becomes as little 
as possible. This requires a high pressure through all units (reformer, shift unit and sepa- 
rator unit). As an example the natural gas which is fed into the reformer can have a pres- 
sure of 30-200 bar. By a marginal pressure drop in the reformer and the shift unit, the 
pressure into the separation unit will be within the same interval. 

The present invention provides several advantages when producing a H 2 -rich and a 
C0 2 -rich gas, respectively. One of the advantages is that increased pressure gives increa- 
sed reaction for each volume unit in reformer and shift reactor, and further a reduced 
compression work of C0 2 by a possible reinjection or deposition. In addition, increased 
pressure gives reduced compression work for feed to the gas turbine. In the reformer there 
is high primary formation of CO, as a result of high pressure. Another advantage of the 
present invention is a simplified design and operation of a possible a gas turbine for com- 
bustion of the H 2 -rich gas stream as a result of a certain slip of CH 4 in the reformer, CO in 
the shift reactor and C0 2 in the separation step. The use of air or oxygen enriched air in 
the case of an autothermal reformer (ATR) and partial oxdation (POX) give savings in 
oxygen units and gives a simplified design and operation of ATR and gas turbine. A cer- 
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tain CO slip, i.e. not reacted gas component, makes low temperature shift and methanati- 
on unnecessary. In the present invention it might be necessary to supply steam to the shift 
reactor. A certain slip of C0 2 in the present invention simplifies the separation process. If 
the separation is carried out with amine washing, a moderate pressure release might be 
sufficient. 

The present invention comprises a number of embodiments where i.a. natural gas 
is cleaned and pre-treated in a suitable manner so that the gas feed mainly will consist of 
methane after treatment. The reforming takes place at a pressure within the interval 30 to 
200 bar. It is preferred to use a shift reactor when carrying out the present invention. 
Steam can be supplied to the shift reactor, but it can also be operated without supply of 
steam. At the outlet of the shift reactor a content on carbon basis of CO up to 2 % by vo- 
lume, preferably 5 % by volume, and methane with 2 % by volume, preferably 5 % by 
volume, is acceptable. Further, the H 2 -rich gas stream according to the invention can 
contain at least 1 % by volume and up to maximum 20 % by volume of the original 
amount of carbon in the natural gas. The steam reformer can be fired with the hydrogen 
rich fuel gas. If autothermal reforming is used at least a part of the hydrogen rich stream 
can be used for pre-heating of the feed gas. Pre-heating of the feed gas can also be carried 
out by heat exchange with warm gas from a gas turbine. 

The object of the present invention is that a limited part of the carbon in the feed 
stream/raw material is in the form of methane, carbon monoxide or carbon dioxide when 
the hydrogen rich gas mixture is fed as fuel to a gas power plant. In the present invention 
reforming of natural gas, shift of carbon monoxide to carbon dioxide and separation of the 
gas mixture into CO r rich and H 2 -rich gas, respectively, takes place at conditions which 
have not been described in known technique. The mentioned conditions are also otside of 
those which is accepted and recommended in the petrochemical industry. 

Because the method is characterized by a reduced requirement to methane and 
carbon monoxide in the feed stream/raw material which i.a. is passed to a gas power plant, 
this will involve that one or more of the process steps can take place at higher pressure 
than normal for reforming of natural gas by autothermal reforming (ATR), combined re- 
forming (CR) or partial oxidation (POX). The fact that reforming and shift can take place 
at a higher pressure leads to a reduction in capital costs and in compression energy for 
C0 2 before deposition. It is also possible to separate out and compress CO, in liquid form, 
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which can give further savings. In the present invention the reforming and shift reactions 
can be carried out at lower temperatures than those beeing necessary/required at a given 
pressure. Lower temperatures at a given pressure also lead to savings. Further it can be 
unneccessary with both low temperature shift and methanation of residual carbon mo- 
noxide, which is standard technology today in production of hydrogen for synthesis of 
ammonia. A method to separate CO, can be by an amine washing process, which in the 
present invention can be carried out by a simplified method by using pressure release in- 
stead of steam stripping. 

The following chemical reactions take place by production of synthesis gas and 
hydrogen by reforming of natural gas: 



CH 4 + 


H 2 0 = 


CO + 


3H 2 


1. 


Steam reforming 


CH 4 + 


Vi o 2 = 


CO + 


2H, 


2. 


Partial oxidation 


CO + 


H 2 0 = 


co 2 + 


H 2 


3. 


Shift reaction 



The heat of reaction for the strongly endothermic steam reforming can be provided 
either by external heating, as in a steam reformer, or by combination with the partial oxi- 
dation in an autothermal reformer. 

In steam reformer (SR) natural gas (methane) is converted in a tube reactor at high 
temperature and relatively low pressure. A steam reformer consists of many reactor tu- 
bes, i.e. 200 - 250 tubes with relative lengths of 12-13 metres, inside diameter of about 10 
cm and an outside diameter of about 12 cm. This is a space demanding unit with a length 
of 30 - 50 metres, width of 1 0- 1 2 metres and a height of 1 5 - 20 metres. Conventional 
steam reformers are operated in the pressure range from 15 to 30 bar. The outlet tempe- 
rature of the gas from a conventional steam reformer lies in the temperature area 950°C. 
The energy which is used to carry out the endothermic reactions is supplied by exsternal 
firing/heating (top-, side-, bottom- or terrace-fired). The ratio between steam and carbon 
is from 2.5 to 3.5, and the ratio between hydrogen and carbon monoxide in the product 
stream is from 2.7 to 3.0. A typical synthesis gas produced from a steam reformer conta- 
ins approximately 3 % by volume of methane. 

In the present invention the reforming of natural gas (equation 1 and 2 above) can 
take place in an autothermal reformer (ATR). In an ATR natural gas (methane) is fed 
together with oxygen/air into a combustion chamber. The energy which is required to 
operate the endothermic steam reforming reactions is provided by the exothermic reacti- 
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ons between hydrocarbons/hydrogen and oxygen/air. The temperature i the combustion 
chamber can reach more than 2000°C. After the combustion chamber the reactions are 
driven to equilibrium over a catalyst bed before the synthesis gas is leavig the reactor at 
approximately 1000°C. The size of such a unit could be a height of 10-15 metres and a 
diameter of 5-6 metres. Typical ratio of steamxarbon is from 0.6 to 1 .4. The ratio betwe- 
en hydrogen and carbon monoxide is lower than 2. Typical methane slip is 1-2% by vo- 
lume i the product stream. The ATR can be operated at higher pressure than the SR. 

The present invention can also take place in a partial oxidation reactor (POX) 
which also is an autothermal reformer except that the unit does not comprise a catalyst 
bed. This unit is often somewhat bigger if the same capacity compared to an ATR shall be 
maintained. The reason for a somewhat bigger reformer is that the ATR has catalyst 
which make the endothermic reactions more rapid. The exit temperature for a POX is also 
somewhat higher than for a typical ATR. 

Reforming of natural gas can also be made by combined reforming (CR) which is 
a combination of a steam reforming (SR) and an autothermal reforming (ATR). A combi- 
nation of SR and ATR makes it possible to adjust the composition out of the reformer unit 
by regulating the efforts on the two reformers. SR is in CR operated at «milder» conditi- 
ons, i.e. lower outlet temperature, which leads to a high methane slip. The residual metha- 
ne is reacted in the ATR. The ratio steamxarbon is in the area 1.8-2.4, with a ratio betwe- 
en hydrogen and carbon monoxide in the product gas higher than 2. 

After reforming of the natural gas the gas mixture according to the present inven- 
tion is shifted. The gas mixture from the reformer reactor contains mainly the gas compo- 
nents CO, H 2 , H 2 0, CO, and some CH 4 . Between these components there is an equilibri- 
um relation given by the stoichiometric equation: 

CO + H 2 0 = CO, + H 2 

This reaction is called the water shift reaction, and by operating a shift reactor at certain 
conditions the equilibrium can be forced to the right and a gas mixture is obtained which 
is rich in hydrogen and carbon dioxide, and where the consentration of carbon monoxide 
is low. Sufficient reaction velocity is provided by use of suitable catalysts, and in proces- 
ses where a high degree of reaction of CO is desirable (e.g. ammonia synthesis ) two fixed 
bed reactors are used in series, high temperature shift reactor and low temperature shift 
reactor, respectively. Two steps are chosen because the equilibrium is favoured by low 
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temperature, whereas the reaction velocity is favoured by high temperature. By selecting 
two reactors working in series, a smaller total reactor volume is achieved. The process is 
nearly pressure independent and normally the same pressure as in the reformer is used. 
Typical temperature out of the first reactor is 420°C and out of the second reactor 230°C. 
Catalyst in the first step is normally based on chromium/iron, whereas the catalyst in the 
second step normally is a copper/zinc catalyst. 

In the shift unit CO and H 2 0 are reacted to C0 2 andH 2 , and in known technique it 
is often a requirement that the mentioned reaction to a highest posssible degree is driven 
to the right, so that as little CO as posible is present in the gas mixture out of the shift 
unit. A low content of CO in the mentioned gas mixture again gives a high purity of the 
H,-rich gas stream out of the separation unit. In known art the ratio H 2 0:CO is usually 
equal to 10: K which gives a high consumption of H 2 0, for thereafter to obtain a high pu- 
rity of the H 2 -rich gas. In the present invention it is, however, acceptable with more impu- 
rities in the H 2 -rich gas, which implies a lower consumption of H 2 0 and again a simpler 
shift process. These are factos which gives total cost savings by the production of a C0 2 - 
rich and H 2 -rich gas stream. In the present invention it is acceptable with a ratio H 2 0:C0 
of from 1 to 9, preferably from 1.5 to 4. 

If the requirement to reaction of C0 2 is moderate, which will be the case if the gas 
mixture shall be burned for energy purposes, the shift reaction can be carried out in one 
step. A simple high pressure shift reactor can then be selected. 

Gasses in mixture can be separated more or less completely based on the different 
properties of the gas molecules. The most common principles are absorption, adsorption, 
semipermeable membranes and kryogenic distillation. 

CO^ is an acid gas, and the most widely used method to separate the mentioned 
gas from other non-acid gas molecules is absorption. During absorption the different 
chemical properties of the gas molecules are utilized. By contacting the gas mixture with 
a basic liquid the acid gases will to a high degree be dissolved in the liquid. The liquid is 
separated from the gas and the absorbed gas can then be set free either by altering the 
composition of the liquid or by altering pressure and temperature. For separation of C0 2 
mainly aqueous solutions of alcoholamines are used. The absorption is taking place at a 
relatively low temperature and a high pressure, while stripping of the gas from the liquid 
is carried out at a relatively high temperature and low pressure. To liberate C0 2 from the 
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amine phase in the stripping unit, stripping steam is usually used. If the partial pressure of 
CO, in the gas into the absorber is high, e.g. higher than 15 bar, it is possible to obtain 
high concentrations in the amine phase, and a large part of absorbed CO : can be set free 
in the stripping unit at elevated pressure, e.g. 5-8 bar. 

By the use of one or more semipermeable membrane units it is possible to achieve 
that molecules of different molecular weight and different properties permeate the mem- 
brane at different velocities. This principle can be utilized to separate gases. For the gas 
mixture in question membranes can be selected where H 2 permeates rapidly, whereas CO, 
permeates slowly, whereafter a separation-in-part of the different gas components is 
achieved. By combining solid membranes and liquid membranes it is also possible to 
achieve a rapid permeation of C0 2 , while H 2 is kept back. It can be difficult to achieve 
complete separation of the different gas components by using different separation meth- 
ods. This is especially the case by the use of membranes. For gas mixtures which are to be 
burned, a partly separation of hydrogen and C0 2 will be sufficient. 

In a gas power plant normally natural gas is burned wherein the main component 
is methane, and air in a combustion chamber at elevated pressure. The combustion gases 
are driving the turbines which provide necessary shaft moment to the compressor part 
(which compresses air to the pressure of the combustion chamber) and to operate the ge- 
nerator or other mechanical equipment. Mixing in of natural gas takes place in burners 
and design/construction of these is important in order to obtain correct flame temperature 
and to prevent formation of undesired combustion products. If a hydrogen rich gass is 
used instead of a natural gas, more conditions which are necessary for the construction of 
burners, combustion chamber and turbine, will be changed. The most important are com- 
bustion energy, flame propagation velocity, explosion range and auto ignition temperatu- 
re. These are conditions which lead to the fact that a hydrogen rich gas cannot be used in a 
gas turbine which is constructed for combustion of metahne without modifications. The 
eperience in burning hydrogen rich gases is limited, and the technology is available to a 
delimited extent. 

In the present invention it is desireable to deposit out-separated C0 2 . Large 
amounts of CO : can be deposited according to various methods, of which the three most 
interesting are deposition at very deep oceans, deposition in deep water reservoirs and 
deposition in oil reservoirs wherin the gas at the same time functions as drive agent for 
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enhanced oil recovery. The two last mentioned storage methods are operated commer- 
cially. In these storage forms the C0 2 gas has to he brought to high pressure for transport 
in pipelines to a deposition well and further to injection. The injection pressure will vary, 
but could be in the range 50 to 300 bar. If the CO. gas can be separated from the HVC0 2 
mixture at an elevated pressure, significant compression work can be avoided, and this is 
the case in the present invention. 

The attached figures show known technique and different embodiments of the pre- 
sent invention. 

Figur 1 shows know n technique in the form of steam reforming with hydrogen 

firing. 

Figur 2 shows POX or ATR with oxygen where natural gas (1) is pre-treated befo- 
re this (2) and is passed into an ATR or a POX where water (3) and oxygen gas (4) are 
added. The reformed gas mixture (5) is thereafter passed to a shift reactor/shift unit whe- 
reafter the gas mixture (6) is passed to a separation unit where a H 2 -rich gas (10) and a 
C0 2 -rich gas (7) are provided. Stream (7) can possibly be compressed further before de~ 
position/reinjection. Stream (10) can be utilized i.a. a hydrogen power plant. 

Figure 3 shows POX or ATR with air. This is in principle the same process as de- 
scribed in Figure 2, but in this case air is used as oxidant in the reformer instead of oxy- 
gen. This gives somewhat milder conditions than those present by the use of oxygen i the 
burner. By the use of air relatively big amounts of nitrogen gets into the system and the 
partial pressure of CO, will be considerably lower. This again will render it more difficult 
to take out CO, at an elevated pressure in the separation process. The ratio between FF and 
N 2 will be approximately 1:1. 

Example 1 

The ATR reactor can be operated under different operating conditions. In the tab- 
les below the composition of the gas at the outlet of the reactor is shown for different 
pressures, temperatures and steam/carbon ratios. In all calculations the ratio oxy- 
gen/carbon is set at 0.6. Feed gas has the composition CO : =2.5; CH 4 =82; C 2 =9; C 3 =5; 
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Table 1 shows composition in mole% in dry gas at a pressure of 80 bar 



Stcam/c 
arbon 


S/C=0.5 


S/C=1.8 


S/C=2.8 


Temp. 

°C 


800 


1000 


1200 


800 


1000 


1200 


800 


1000 


1200 


H, 


40.9 


59 


65 


52.9 


65.6 


66.8 


58.8 


67.9 


69.2 


CO 


13.4 


25.9 


36.3 


10.7 


20.8 


27.1 


9.4 


17.7 


23.2 


CO, 


17.4 


7.3 


3.8 


19 


10.9 


6.1 


19.7 


13.1 


7.6 


c, 


28.2 


7.8 


1.0 


17.5 


2.7 


0 


12.1 


1.3 


0 


Table 2 shows composition in mole% in dry gas at a pressure of 120 bar 


Steam/c 
arbon 


S/C=0.5 


S/C=1.8 


S/C=2.8 


Temp. 

°C 


800 


1000 


1200 


800 


1000 


1200 


800 


1000 


1200 


H 2 


36.6 


55.7 


64 


48.8 


63.8 


67.0 


56 




69.2 


CO 


11.7 




30 


9.4 


19.9 


24.6 


7.8 


19.4 


23 


CO, 


19.4 


6.4 


4 


20.1 


11.6 


8.0 




9.6 


7.8 


c, 


32.8 


11.2 


1.9 


21.6 


4.7 


0.4 


18.4 


0 


0 



Example 2 

Example 2 comprises a one step shift reactor. The gas mixture into the shift reactor 
can have a variyng composition as is evident from the Tables 1 and 2. If the gas composi- 
tion in Table 1 is used at 1000°C and S/C of 1 .8. this will correspond to a steam/CO ratio 
out of the ATR reactor of about 3.0. Table 3 below shows a possible composition of feed 
gas and outcoming gas from a one step shift reactor having an outlet temperature of 
400°C. 
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1 1 

Table 3 shows the gas composition form an one step shift reactor given in moles/ 

100 moles dry gas. 



Component 


Feed gas 


Leaving gas 




65.6 


70.8 


CO 


20.8 


2.4 


CO, 


10.9 


24.5 


CI 


2.7 


2.3 


H 2 0 


62.4 


37.3 



Example 3 

The example comprises a two step shift reactor. If a two step shift reactor is used, 
higher degree reaction of CO will be obtained. Table 4 shows a possible gas composition 
for a two step process where the outlet temperature in the first reactor is 400° C and in the 
second reactor 250°C. Inflowing gas has the same composition as in example 2. 



Table 4: Possible gas composition for a two step process given in moles/100 

moles dry gas. 



Component 


Feed gas 


Leaving gas 


H 2 


65.6 


71.5 


CO 


20.8 


0.3 


CO : 


10.9 


26.0 


c, 


2.7 


2.2 


H 2 0 


62.4 


35 



Example 4 

Separation of C0 2 by absorption i etanolamine solution (amine washing) is descri- 
bed in this example. The gas mixture out from the shift reactor contains significant 
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amounts of steam. After cooling to e.g. 40°C most of the steam will be condensed out, 
and below two types of possible gas mixtures from the reforming process are shown: 

Table 5: Possible gas compositions from the reforming process 



Component 


Gas 1 


Gas 2 


CH 4 


3 molS o 


3 mol°o 


CO 


2 mol° o 


2 mol° o 


co 2 


17.7 mol% 


29 mol% 




62.3 mol% 


66 mol° o 


Total pressure 


40 bar 


80 bar 



These gas mixtures can be fed to an absorption column where an aqueous met- 
hanolamine solution is used as absorption liquid. The amine solution will absorb the main 
part of C0 2 , and the gas out of the absorption column will mainly consist of hydrogen. 
The CO, rich amine solution is fed to a stripping unit where the pressure is e.g. 8 bar and 
the temperature is e.g. 120°C. A part of the C0 2 gas will be liberated because of the tem- 
perature increase and the pressure reduction. Further C0 2 can be set free from the amine 
solution by stripping with steam. 

Table 6 below shows a possible composition of the gas phase out from the absorp- 
tion column and out fram the stripping unit when gas of type 2 in Table 5 is used as feed 
and only pressure reduction and temperature increase is used and no stripping steam. 
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Table 6 shows the composition of gas from absober unit and stripping unit wit- 
hout use of stripping steam. 



Component 


Out from absorption co- 
lumn 


Out from stripping column 


CH, 


4 mol° o 


- 


CO 


3 mol° o 


- 


H 2 0 




30 mol% 


CO, 


3 mol° o 


70 mol% 


H 2 


90 mol% 




Total pressure 


80 bar 


8 bar 


Temperature 


50°C 


120°C 



Example 5 

Example 5 concerns separation by condensation. By cooling of a C0 2 -rich gas 
CO, could be condensed out as a liquid or precipitated as a solid (C0 2 ice) . At a tempe- 
rature of-57°C the freezing point of C0 2 is reached and the vapour pressure of C0 2 is 
then 5.1 bar. If C0 2 gas is further cooled, solid C0 2 is obtained and at -78°C the vapour 
pressure over solid C0 2 is 1 bar. 

Gas of type 2 in Table 5 is dried completely free of water before it is treated in a 
condenser unit consisting of more cooing steps, wherein the temperature of the gas in the 
first cooling step is reduced to about -55° C. At this temperature a big part of the CO. will 
condense out and the gas composition out from the condenser can be as shown in column 
2 in the table below: 
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Table 7 shows the composition of gas phases i a two step cooling process 



Component 
Composition of gas 


Composition of gas 




From cooling step 1 


From cooling step 2 


CH 4 


3.5 mol% 


3.8 mol°o 


CO 


2.3 mol% 


2.5 mol°o 


N 2 


0.2 mol°o 


0.2 mol" o 


co 2 


7.5 mol°-o 


1.0 mol°o 




86.7 mol% 


92.5 mol% 


Total pressure 


80 bar 


80 bar 



In this example about 70% av C0 2 in the incoming gas will be condensed out in 
cooling step 1 . By lowering the temperature further in a new process unit (cooling step 2) 
to e.g -80°C the gas composition could be as shown in column 3 in Table 7 above. By 
means of the two cooling steps 96% of C0 2 in the incoming gas can be removed. The out- 
condensed liquid and the precipitated solid will be nearly pure C0 2 . 

Example 6 

This example describes compression of CO,. The gas phase from the stripping unit 
in example 4 contains steam and C0 2 . By cooling of this gas to e.g. 40°C most of the 
water vapour will be condensed out and the nearly pure gas at a pressure of 8 bar can be 
compressed to a desired shipment pressure for transport of CO, in pipeline. 

Example 7 

The example concerns one or more membrane units where the CC) 2 -rich gas can 
have a pressure approximately equal to the partial pressure of CO, into the separation 
unit, as shown in Table 1 below. 
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Total inlet pressure on the separa- 
tion unit (bar) 


Partial pressure of CO : out from the sepa- 
ration unit (bar) 


200 


40 


250 


50 


300 


60 
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Claims 

1 . Method for production of a CO r rich gas stream and a H r rich gas stream, 
characterized in that the method comprises the following steps: 

a) natural gas and water are fed to a reforming reaktor and converted to synthesis gas 
under supply of a 0 2 -containing gass; 

b) the gas stream from a) is shifted, whereby the content of CO is reduced and the 
amounts of C0 2 and H 2 are increased by reaction of H 2 0; 

c ) the gas stream from b) is separated in a separation unit into a C0 2 -rich and a H 2 - 
rich gas stream, respectively. 

2. Method according to claim 1, 

characterized in that the shift process in b) is carried out in one step. 

3. Method according to claims 1-2, 

characterized in that the ratio H 2 0:CO in the shift process is from 1 to 9. 

4. Method according to claims 1-3, 

characterized in that the ratio H 2 0:CO in the shift process preferably is from 
1.5 to 4. 

5. Method according to claims 1-4, 

characterized in that the pressure in the CO r rich gas stream after the separation 
unit is from 1 to 100 bar. 

6. Method according to claims 1-5, 

characterized in that the pressure in the C0 2 -rich gas stream after the separation 
unit is from 5 to 50 bar. 



7. Method according to claims 1-6, 

characterized in that the carbon part in the H 2 -rich gas stream is from 1 to 20 % 
by volume. 
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8. Method according to claims 1-7, 

characterized in that the carbon part in the H 2 -rich gas stream is from 5 to 1 5 % 
by volume. 

9. Method according to claims 1-8. 

characterized in that the natural gas in step a) is supplied with an oxygen rich 
gas. 

1 0. Method according to claims 1 -8, 

characterized in that the natural gas in step a) is supplied with air/oxygen en- 
riched air. 

1 1 . Method according to claims 1-8, 

characterized in that the reformer reactor preferably is a partial oxidation reac- 
tor. 

12. Method according to claims 1-1 K 

characterized in that the reformer reactor particularly is an autothermal refor- 
mer. 

1 3 . Method according to claim 1 2, 

characterized in that the gas stream from a combustion chamber in an 
autothermal reformer is contacted with a catalyst bed. 

14. Method according to claim 1 1, 

characterized vedat that the reforming is carried out without a catalyst. 



15. Method according to claims 1-14, 

characterized in that the gas stream out of the reformer has a temperature wit- 
hin the interval from 800 to 1200°C. 
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16. Method according to claim 10, 

characterized in that at least a part of N, follows the C0 2 -rich gas stream. 

17. Use of a CO, -rich gas stream produced according to claim 1 for injection into ma- 
rine formations. 

18. Use of a H 2 -rich gas stream produced according to claim 1 for hydrogenation. 

19. Use of a H 2 -rich gas stream produced according to claim 1 as a source of energy / 
fuel in fuel cells. 

20. Use of a H 2 -rich gas stream produced according to claim 1 for the production of 
electricity. 
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Figure 1 shows known technique in the form of steam reforming with hydrogen firing 
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Figure 2 shows POX or ATR with oxygen 
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Figure 3 shows POX or ATR with air 



(N 2 *): By use of one or more membrane units 
N 2 is run together with C0 2 . 
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